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Table 1 Location and climatic conditions in comparative trials
Tablica 1. Položaj pokusnih ploha i klimatski uvjeti











































































5.7 810 32.8 49.1
*Average values for the 1985–2010 interval (ANM 2011) – Prosječne vrijednosti za razdoblje 1985–2010 (ANM 2011)
 **Thermo-pluviometric factor May-September (Schmidt-Vogt 1977) – Termo-pluviometričke vrijednosti svibanj-rujan (Schmidt-Vogt 1977)
***De Martonne aridity index May-July – De Martoneov indeks aridnosti svibanj-srapnj
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Figure 1 Location of seed stands 
and field trials on the map of re-
gions of provenance established for 
Romania. Population code 1–14 are 
from Eastern Carpathians (region 
A), 15–19 = Curvature Carpathians 
(region B), 20–24 = Southern Car-
pathians (region C) and 25–33 are 
from Western Romanian Carpathi-
ans (regions D and E).
Slika 1. Lokacija sjemenskih sastojina 
i pokusnih ploha na karti provenijen-
cija u Rumunjskoj


























































Table 2 Mean results for each trial 30 years after planting 
Tablica 2. Srednje vrijednosti mjerenih svojstava 30 godina od osnivanja pokusa
Trial
Pokus
Analysed traits: Mean value / variation coefficient (%) / amplitude of variation




Average volume / tree 
(m3)
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Average volume per tree (AV/T) – Prosječni volumen 




















Table 3 ANOVA for total height (TH), average volume per tree (AV/T), 
radial increments (RI), latewood percentage (LP) and conventional 
wood density (CWD) of Norway spruce populations, by location
Tablica 3. ANOVA za ukupnu visinu (UV), prosječni volumen po stablu 
(PV/S), radijalni prirast (RP), postotak kasnog drva (PKD) i standardnu 







Wood traits  
Drvna svojstva
Avrig trial (traits / mean squares)




Ponavljanje 1.9 0.018 14.2*** 898.6*** 0.002**
Population
Populacija  14.8*** 0.053*** 0.392** 107.8** 0.001*
Error
Pogreška 3.9 0.024 0.196 57.1 0.000
Câmpina trial (traits / mean squares)
TH AV/T RI LP CWD
Replication
Ponavljanje 127.3*** 0.062*** 3.48*** 119.1** 0.002*
Population
Populacija  4.9*** 0.005 0.426*** 23.6 0.001***
Error
Pogreška 1.9 0.004 0.200 17.2 0.001
Breţcu trial (traits / mean squares)
TH AV/T RI LP CWD
Replication
Ponavljanje 0.4 0.038 2.64*** 2363.6*** 0.0000
Population
Populacija    4.8** 0.020 0.336 78.8*** 0.0007*
Error
Pogreška 2.6 0.018 0.236 27.4 0.0004
Gurghiu trial (traits / mean squares)
TH AV/T RI LP CWD
Replication
Ponavljanje 17.8** 0.001 2.05** 215.1*** 0.0006
Population
Populacija   4.4* 0.007 0.55 44.8** 0.0005
Error
Pogreška 2.8 0.005 0.388 26.1 0.0007
Degrees of freedom for the phenotypical traits: Replication = 2, population 
= 35, error = 1042; for the wood traits: error = 286; *P < 0.05,  
**P < 0.01, ***P < 0.001; 1080 trees / trial, 324 cores / trial.
Stupanj slobode za fenotipske pokusne plohe: Replikacija = 2, nastanjenost 
= 35, greška = 1042; Za obilježja drva: greška = 286; *P < 0.05,  
**P < 0.01, ***P < 0.001; 1080 stabala po pokusnoj plohi, 324 izvrtka po 
pokusnoj plohi.
Table 4 ANOVA for total height (TH), average volume per tree (AV/T), 
radial increments (RI), latewood percentage (LP) and conventional wood 
density (CWD) of Norway spruce populations combined over locations
Tablica 4. ANOVA za ukupnu visinu (UV), prosječni volumen po stablu (PV/S), 
radijalni prirast (RP), postotak kasnog drva (PKD) i standardnu gustoću drva 










TH AV/T RI LP CWD
Location
Lokacija
974*** 3.649*** 9.95*** 18878*** 0.111***
Population 
Populacija 
10*** 0.025*** 0.29 84.6*** 0.002***




6*** 0.02*** 0.47*** 56.9** 0.0005
Error
Greška
3 0.013 0.29 38.0 0.0005
Degrees of freedom for the phenotypical traits: location = 3, population 
= 35, population × location = 105, error = 4176;  
for the wood traits: error = 1152; * P < 0.05, ** P < 0.01,  
*** P < 0.001; 4320 trees per all four trials, 1296 cores used.
Stupnjevi slobode za fenotipske pokusne plohe: lokacija = 3, nastanje-
nost = 35, nastanjenost x lokacija = 105, greška = 4176; Za obilježja 
drva: greška = 1152; * P < 0.05, ** P < 0.01,  
*** P < 0.001; 4320 stabala za sve četiri pokusne plohe, 1296 korištena 
izvrtka.





























































Figure 2 Duncan test for radial increment (homogeneous groups for 5% transgression probability)
Slika 2. Duncan-ov test radijalnog prirasta (homogene grupe uz 5% vjerojatnosti pogreške)
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Mustafa YILMAZ1, Tefide YÜKSEL2
tions) and ONR (8.3% more than the mean of all popula-
tions) – figure 4.







































Figure 3 Duncan test for the proportion of latewood (homogeneous groups for 5% transgression probability). Populations from the East-
ern Carpathians are highlighted
Slika 3. Duncan-ov test za udio kasnog drva (homogene grupe uz 5% vjerojatnosti pogreške). Populacije istočnih Karpata su posebno istaknute
Figure 4 Norway spruce latewood percentage in Romanian Carpathians 
branches   
Slika 4. Postotak kasnog drva obične smreke u  rumunjskim Karpatima
       Eastern             Curvature           Southern            Western               Local            5-Moldoviţa
   Carpathians        Carpathians       Carpathians       Carpathians       provenances      provenance
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Table 5. Correlation coefficients between analyzed traits and the geographical gradients of seed stands origin























































0.11** 0.05 0.00 0.02 –0.12* 0.05 0.02 0.14* 0.2*** –0.12*
Ecoph. latitude 0.00 0.01 0.01 0.08 –0.07 0.04 0.04 0.05 0.08 –0.14*
Longitude (E) 0.00 –0.02 –0.10 0.19** 0.06 0.00 –0.01 0.04 0.17** 0.03









–0.04 –0.06* –0.03 0.05 –0.05 0.02 0.03 –0.08 0.06 –0.05
Longitude (E)
Geogr. duljina (E)
0.01 0.04 0.15* –0.01 –0.04 –0.02 –0.03 –0.07 –0.08 0.02
Altitude (m)
Nadmorska visina (m)
–0.03 –0.03 –0.03 0.03 0.00 0.03 0.03 –0.06 0.03 –0.08
Pearson correlation for 1080 trees per trial (TH, AV/T) and for 324 cores / trial (RI, LP, CWD). Ecoph. latitude = Ecophysiological latitude.
Pearsonove korelacije za 1080 stabala po pokusnoj plohi (UV, PV/S) i za 324 izvrtka po pokusnoj plohi (RP, PKD, SGD). Ekofiziološka geografska širina = 
Ekofiziološka geografska duljina.
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the  highest  scores  were  obtained  by  the  populations: 























































































• Nanson,  A.,  2004:  Génétique  et  amélioration  des  arbres 
forestières. Les presses agronomique de Gembloux, 712 p., 
France.
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vrijednosti ukupne visine (UV) i standardne gustoće drva (SGD) bile više. Analiza lokacije također je poka-
zala veliku važnost interakcije između biljne zajednice i okoliša za sve parametre (osim SGD). Iste biološke 
zajednice različito reagiraju na promjene uvjeta u okolišu. Prema rezultatima ovoga rada moguće je preporučiti 
određene biljne zajednice, s tim da se reprodukcijski materijal iz ovih izvora može koristiti samo u ekološkim 
uvjetima koji su slični onima gdje je provedeno ispitivanje. Utvrđeno je da je standardna provenijencija prema 
IUFRO-u (Moldoviţa) najbolja biljna zajednica za provođenje svih ispitivanja.
Tablica 1 prikazuje fizičko-geografske i klimatske uvjete na 4 pokusne plohe, tablica 2 prikazuje srednje vri-
jednosti, koeficijente varijacije i amplituda varijacije za sve analizirane parametre, u svim eksperimentima. 
Rezultati ANOVA-e za sve lokacije i kombinacije sve četiri lokacije prikazani su u tablici 3 i 4. Tablica 5 pred-
stavlja rezultate Pearsonove korelacije između analiziranih parametara i zemljopisnih obilježja sastojina iz ko-
jih dolazi sjeme.
KLjUČnE RIjEČI: kontrolne pokusne plohe, obična smreka, kvantitativna obilježja, radijalni prirast, gustoća 
drva.
